In this study, we are interested in the mental structures which are instrumental in the conception of the Jewish Museum project and we will particularly look at the coupling of external representations and the designer's mental representations in the initial phases of the design. The study reconstructs the salient features of the design process of the Jewish Museum based on archival documents from the Getty Research
In this study, we are interested in the mental structures which are instrumental in the conception of the Jewish Museum project and we will particularly look at the coupling of external representations and the designer's mental representations in the initial phases of the design. The study reconstructs the salient features of the design process of the Jewish Museum based on archival documents from the Getty Research
Institute. 3 The archival records, especially the voluminous number of Libeskind's sketches, indicate that the design process of the Jewish Museum requires an in-depth inquiry commensurate with the attention that has been directed by scholars to the design of the building, its conceptual interpretations, and some of the presentation drawings.
Our study uses the cognitive-historical method of analysis, which has been used widely to enrich historical interpretation through investigating the mental processes implicated in scientific discovery and design creativity. 4 Briefly the Conceptual Diagrams in Creative Architectural Practice 2 cognitive-historical method of analysis supposes that complex cognitive processes observed in discovery and creativity derive from and extend everyday cognitive capacities. 5 Thus, in developing interpretations of archival records of creative processes, historians can draw insights from pertinent findings of research in the cognitive sciences. In this study, we inquire into how Libeskind represented, formulated, and modified his design ideas through constructing a voluminous set of design sketches and diagrams. Our principal claim in this inquiry is that external representations used in design processes, are not simply translations of the information content of completed thoughts onto external media. Rather, they interact with only partially formed, evolving ideas in dynamic thinking processes, through which novel representations can emerge.
Libeskind specified four lines of thinking in his project, each of which relates to one aspect of Jewish culture or the position of the Jews in Germany. 6 He summarized the significance of these as follows:
The first aspect is the invisible and irrationally connected star which shines with the absent light of individual address. The second one is the cut through Act II of Moses and Aaron which has to do with the not-musical fulfillment of the word.
The third aspect is that of the deported or missing Berliners; the fourth aspect is Walter Benjamin's urban apocalypse along the One Way Street.
7
Here we examine Libeskind's sketches and drawings to investigate how the first and third lines of thinking made their way into final design. 8 When we studied the initial drawings and sketches from the design process of the Museum, we found that there were a variety of rich inspirational sources from different domains, yet, the spatial configuration of the project, a zigzag, remained constant throughout the design process until one significant change was made for the final submission. The zigzag configuration of the Jewish Museum stems from a Libeskind design for an earlier Conceptual Diagrams in Creative Architectural Practice 3 exhibition project, Line of Fire. 9 The final design for the Jewish Museum, however, adds a series of voids to the zigzag configuration. The voids change the spatial configuration, the experience and meaning of the space significantly. 10 Through these spaces, Libeskind managed to represent the crucial idea of the invisibility of the Jewish culture in contemporary Berlin. With the inclusion of the voids, the museum as a whole, i.e., design and exhibits, captures both the significance of Jewish culture to the history of Berlin (and Germany) and the invisibility of that contribution today. As related to us by Donald Bates, who was a design associate and the main "conduit from" Libeskind to the design team throughout the process, "the zig-zag and the line of voids is far more potent as an architectural device [than the zig-zag alone] to tell this complex history."
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The question investigated here is: How did Libeskind introduce these voids into the design? Our analysis of the design process shows that these spaces appeared enabled Libeskind to bring together seemingly disparate concepts to create a semantically rich and challenging conceptual basis and translate that basis into the spatial configuration for the building. To quote Bates, the design team's "…job was to make' the building 'make sense'."
Figure 3
On our account, the star diagram was not simply an after-the-fact final presentation drawing. The creative process was facilitated through the use of the star, Conceptual Diagrams in Creative Architectural Practice 4 which we classify as a particular type of diagram and call a conceptual diagram. 12 Previously, we have called attention to this class of diagrams in cognitive-historical analyses of several case studies in the history of science 13 and in the history of architectural design. 14 We have argued that what is distinctive about conceptual diagrams is that they have significant correspondences with mental models that represent an early commitment to a conceptualization of a design situation and that interactions with them constrain and facilitate the design endeavour throughout the design exploration.
Discussions in the literature related to the Jewish Museum project range from the conceptual and inspirational underpinnings of the project, to discussions related to memory and museum space, and even further to the very notion of space and void. In these discussions, the building and the project have been characterized either in terms of the voids, or as a zigzag, or as a broken star. 15 The voids have triggered discussions on meaning and memory in space, the experiential dimensions of space, and on the idiosyncratic nature of urban and historical conditions of Berlin. 16 Libeskind himself characterized the voids as the "central structure in the building" 17 and the "emblem where the not visible has made itself apparent."
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Though a great number of commentators have focused on the importance of the star drawing in portraying the conceptual strength of the project, 19 only few have commented on the instrumentality of the star drawing in the design process. 20 The archival record indicates a complex process through which Libeskind arrived at the broken star pattern. In this paper, in comparison to alternative accounts of Libeskind's design process, we articulate an account based primarily on historical archival documents. We will show that the star diagram emerged at the end of a lengthy process and almost independently of the physical topography of Berlin rather Conceptual Diagrams in Creative Architectural Practice 5 than, as has been claimed, being born at an autonomous moment 21 or by mimetically reinterpreting "…the classical pattern of the Friedrichstadt with its rectangular pattern of streets and geometrical squares, the flowing lines of the Landwehrkanal, the broken and shameless line of the wall", 22 . Finally, we will also discuss the implications of this case study with regard to other characterizations of the initial phases of design.
The archival materials investigated for this study include Libeskind's sketchbooks (19 in total), final competition drawings and other drawings, letters, and additional textual materials from Libeskind's office. 23 In addition, for information about the design process we contacted Donald Bates. 24 His responses to the 24-item questionnaire we provided to him were important for understanding the work dynamics of the design team and the development of the principal components of the design scheme, as well as for corroborating some of our interpretations.
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The Design Task
The stated aims of the competition were twofold. First, the Jewish Museum Department, which was part of the Berlin Museum, was to be "enlarged and fully integrated into the Berlin Museum." Second, the Berlin Museum itself needed more space. The former, however, was the main task of the competition. The most important information provided by the competition brief was its description of the desired nature of the relationship between the Jewish Department of the Museum and the Museum itself. The brief described the Department "as an autonomous department" of the Berlin Museum, yet also integrated with it.
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The dilemma for the competing architects was to find a scheme in which the two main departments of the Museum would be housed so as to remain integrated On the site plan attached to the invitation letter, Libeskind sketched a preliminary layout for his building and its relation to Mehringplatz, a nearby public circle [ Figure 5 ]. These drawings indicate that from the outset both the distorted star and the zigzag configuration, though yet unrelated conceptually, were present in Libeskind's thinking as generic potential spatial configurations for the Jewish Museum.
Figure 5
Libeskind's sketch of distorted star on the site might appear to indicate the footprint of the building, i.e., the star appears to designate the building itself. In subsequent phases of the design process, however, the star was not used as a spatial configuration for the building. Rather, it was used as a means to conceptually explore different threads of German-Jewish relations and to weave together a coherent conceptualization that both gave meaning to the zigzag configuration and satisfied the competition's requirements for the building.
In plotted an irrational matrix which was in the form of system of squared triangles which would yield some reference to the emblematics of a compressed and distorted star: the yellow star that was so frequently worn on this site, which today is green.
29

Conceptual Elaboration
To deal with the design challenge Libeskind drew voluminous sketches representing a range of issues. Some of these issues seem to be very esoteric while others relate to the design challenge more directly. Here we only can summarize the main conceptual issues that Libeskind dwelt on in his sketchbooks, namely, the oneness of Jewish and is that Libeskind began to use it to create a pattern of meaningful integrations along various dimensions of the conceptual space, some of which we outline below.
Integrations
City and Building
The series of drawings in Figure 8 depict the connection between building and city, using the star diagram as a mediator. The geometry of the star in these drawings is manipulated so that it can denote underlying structures that connect a generic building representation to a representation of the overall city pattern. In these drawings the city is a continuation of buildings shaped according to an invisible, distorted star pattern.
Libeskind labelled one drawing of the star the Matrix ('invisible city'), further emphasizing its role as the pattern underlying the visible city fabric. In a subsequent drawing he put the matrix between the city and architecture and labelled it the ghost, again emphasizing the invisible mediation of the star. the appearance of voids along a broken line passing through the zigzag configuration.
We will now provide an interpretation of how those voided areas came about.
In a group of drawings drawn not on a sketchbook but on a separate larger piece of sketch paper, Libeskind used the star specifically to establish a connection between the two components of his conceptualization [ Figure 11 ]. 33 Here, the star becomes the intertwined trajectory of Jews and Berliners, which eventually transforms into a zigzag. In the second drawing [ Figure 13 and Walter Benjamin's essay One Way Street, which he had explored through another series of drawings focused on history that we cannot include here.
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Figure 13
To underscore the meaning with which he had imbued the final architectural As an abstraction, the star diagram exemplifies Libeskind's fascination with "radical elucidation of the original precomprehension of forms" which leads to "true abstraction". 37 The process of abstraction, according to Libeskind, does not invoke removal of meaning but isolates the structural essence. Through diagrammatic configurations Libeskind aimed at capturing the essentials of a design situation, which could be about its conceptual underpinnings, its formal configuration, or both.
Libeskind's commitment to a zigzagging design scheme remained constant throughout the design process. The design process we have examined shows him seeking a justification for and elaboration upon that scheme so as to imbue it with meaning. He established links between the history of German-Jewish relationships through to the present-day by instantiations and manipulations of the star diagram.
Through these processes, the conceptual basis of the design was elaborated by incorporating layers of meaning from different domains. Yet the core conceptualization remained constant, i.e., the idea of establishing relationships through the mediation of Star of David to render the Jewish presence visible. The star diagram, therefore, becomes a running theme throughout the design process and establishes commonalities among different threads of thought and emotions to make a complex conceptual situation cognitively manageable. Cognitive research has established that diagrams can make complex conceptual relationships clearer and more easily grasped. 38 What is different in the case of the star diagram is that it fosters a creative process through which concepts are merged into new representations which enabled the designer to establish a common theme across the conceptual domain.
The star as it emerged in the beginning denoted a footprint of the building, but the imagery of the star was represented in many different contexts and forms. We Libeskind's design process for the Jewish Museum project is more extensive than we can discuss within the scope of this paper. Here, we limit our discussion to two main issues: 1) the nature of the design process with reference to characterizations of design, and 2) the cognitive role of conceptual diagrams in the design process.
With respect to the first issue, in contrast to most characterizations of design, the Jewish Museum case represents a process during which conceptual elaborations and spatial explorations often progressed in unrelated venues. This might appear to be a case of what some design researchers have called a co-evolutionary view of design, which argue that problem solution and problem structuring evolve simultaneously. 39 However, explorations in the conceptualization space and the solution space remained isolated and there was not much interaction between the two explorations until the final manipulation of the star diagram. In contrast, also, to solution-oriented views of design, 40 which argue that designers start with a solution in mind, we see an intense effort by Libeskind to further enrich the conceptual basis of the project from the outset of the design process. Finally, in contrast to insight, or aha, views of design, 41 which argue that designs are created in sudden flashes of insight, the breakthrough emerged over the course of a rich, extended exploration process, as we have laid out.
With regard to the second issue, from a cognitive perspective, we interpret the diagrammatic representations as affording a dynamical conceptual simulation from which the novel insight was derived. 42 First, the final combination could have been triggered by the perceptual similarities between the two diagrammatic representations, the zigzag and the star, as we have rendered in Figure 14 
Figure 14
Second, there is a large literature on mental modeling, mental simulation, and diagrammatic reasoning in cognitive science that is pertinent to our interpretation, which we cannot examine here. 43 We conjecture that manipulating the physical representation-the conceptual diagram-evoked a corresponding simulation of the star unfolding into the zigzag and thus a change in the structure of Libeskind's mental model. This conceptual simulation merged conceptual and spatial domains and created a meaningful design: the zigzag plus voids configuration. In general, the totality of the research on diagrams supports the contention that diagrams, as form of external representation "are not simply inputs or stimuli to the internal mind, rather they [as external representations] are so intrinsic to many cognitive tasks that they guide, constrain, and even determine cognitive behavior". 44 As further argued by correspond to mental models. The study also shows that, regardless of whether design starts with a specific solution or with problem structuring, creativity in spatial design could be fostered through the construction of a meaningful and rich conceptual basis that consistently relates to a spatial configuration. The conceptual diagram mediates the relationship between design concepts and spatial configurations and thus enhances spatial creativity through conceptual associations. 8 The reason why we are focusing mainly on the first and third is because these lines are more directly related to the content of the sketches. Here, we are not claiming to provide, neither attempting at, a complete explanation of Libeskind's creative process. Instead we are providing a partial exposition which can be enriched by further studies that will look into aspects that we had to omit in this paper.
including their dates when available, by the Archives' researchers. The documents were acquired from Libeskind in 1992 and were kept in their original organization to the extent possible. The documents are ordered according to phases in the design process and most documents studied for our research come from the competition phase, which includes several sketchbooks and drawings on different media. The sketchbooks are numbered and stored in five boxes, but since they are undated it is not possible to establish an exact chronology for the sketchbooks. They cover a period of five months. The natural sequence of the pages within a sketchbook establishes a chronology within each. We determined the chronology of the boxes primarily by sequencing the themes and design elements present in them.
The archival materials include three additional documents that were crucial for identifying the requirements of the client, the history of the competition and the design, and the major themes Conceptual Diagrams in Creative Architectural Practice 
